To determine if a visual intervention (medication grid) delivered to physicians can reduce medication regimen complexity.
INTERVENTION:
For intervention patients, a medication grid was created that displayed all of the patients' medicines and the times of administration for 1 week. This grid was delivered to the admitting resident soon after admission.
MEASUREMENTS AND MAIN RESULTS:
For the patients of each team of physicians, we calculated the change in the average number of medications and doses from admission to discharge. The number of medications in the intervention group decreased by 0.92 per patient, and increased by 1.65 in the control group (P < .001). The mean number of doses per day in the intervention group decreased by 2.47 per patient and increased by 3.83 in the control group (P < .001).
CONCLUSIONS: This simple intervention had a significant impact on medication regimen complexity in this population. Apparently, physicians were able to address polypharmacy when the issue was brought to their attention.
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P hysicians today provide care to patients with multiple medical problems at a time when the development and use of medications is increasing. These trends, combined with recommendations from clinical practice guidelines and consumer demand for drugs, often result in complex medication regimens for many patients. The complexity of a medication regimen can be defined by the number of medications (polypharmacy) and the number of times per day or``doses'' that the patient takes a medication (multiple dosing schedules). Complex medication regimens are troublesome to patients and physicians due to the resulting problems of nonadherence, therapeutic failure, and adverse drug reactions. 1±3 In addition, complex medication regimens contribute to the estimated costs of $20 to $70 billion dollars per year due to drug-related morbidity and mortality. 4, 5 Previous interventions directed at physicians to impact polypharmacy have met with variable success. While chart review followed by detailed recommendations from physicians have decreased medications, 6, 7 attempts with geriatric consultation teams, clinical pharmacists, and monthly computerized summaries generally have not reduced numbers of medications. 8±10 Even when successful, the time and expense required by these interventions would make implementation impractical. In addition, these studies have focused on the number of medications only, largely ignoring dosing schedule, which is a critical factor determining regimen complexity.
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To address the problem of medication regimen complexity, we designed a simple visual tool in the form of a 7-day medication grid depicting the number of medications and doses each patient was supposed to take during each week. The grid was designed to quickly illustrate regimen complexity to physicians and encourage them to simplify the regimen. The objective of the study was to determine if the medication grid significantly reduced the number of medications and doses prescribed by physicians in an intervention group compared with the control group.
METHODS

Study Design and Setting
The study was a controlled trial of the medication grid versus no intervention among resident physicians and inpatients with polypharmacy (operationally defined as taking at least 5 medications concurrently) who were the patients of resident physicians. The site for the study was 
Patients and Physicians
Patients were eligible if they were admitted to the General Medical Service between July 1997 and May 1998 and were taking at least 5 medications at admission. Patients were ineligible if they were already enrolled in the study, died during the admission, or were discharged by a team other than the admitting team. The control and intervention groups each consisted of 24 general medicine ward teams, which were led by second-and third-year internal medicine residents. Team generally consisted of a resident, an intern, and 1 or 2 medical students or physician assistant students. Attending physicians were general internists and subspecialists, each of whom supervised 2 ward teams. Attending physicians rotated every 4 weeks and did not cross collection periods for the intervention or control groups. Clinical pharmacists and pharmacy students rounded with several, but not all, teams during the various rotations. To avoid contamination bias, the 8 teams in each rotation were all assigned to either the intervention group or to the control group. Intervention and control collection periods alternated throughout the year. Three of 6 rotations included in the trial were selected to constitute the intervention group; the remaining 3 rotations constituted the control group. Interns and residents rotated on different dates, and therefore data collection was suspended until all interns exposed to the intervention left the service. No interns or residents returned to the service later in the year. The duration of data collection for the teams was similar for both the intervention and control groups (5 to 7 weeks).
Medications
The first author obtained admission medication lists by reviewing the resident's computerized admission note during evening rounds. We did not rely solely on the Durham VAMC pharmacy records as many patients received their medications from other sources. We included medications that were regularly scheduled or pro re nata (PRN), prescription or over-the-counter (OTC), and taken at least once per week. We included PRN and OTC medications because they clearly factor into the complexity of the regimen. We excluded short-term medications such as antibiotics and short courses of steroid, preferring to focus on the long-term regimen. Medications taken every other day or even weekly counted as 1 daily dose. Admission doses included all regularly scheduled medications as well as the maximum number of potential doses for PRN medications (e.g., every 6 hours PRN = 4 doses). Medications taken PRN without a dosing schedule (e.g., sublingual nitroglycerin) were not included in the number of doses but were included in the number of medications. As all patients receive their discharge medications from the Durham VAMC pharmacy, we obtained discharge medications and doses from pharmacy computer records. If necessary, we verified duration of therapy (to exclude short-term medications) on the discharge summary, since discharge summaries include a list of discharge medications with anticipated duration of therapy.
Intervention
Using the above medication and dose information, we created a medication grid and delivered it to the admitting resident for each team in the intervention group (Fig. 1) . The grid contained the times of day for administration, and the columns listed the days of administration. Administration times were based the schedule of administration of the Durham VAMC inpatient pharmacy. The residents received a hard copy of the grid at morning report the day following admission. The residents were instructed to review the grid with the other team members. To assist feasibility, the intervention was minimal, and no explicit instructions were given to the residents regarding the medication regimens.
Statistical Analysis
We used the team of physicians as the unit of analysis. For each team, we calculated the difference between the number of medications at admission and discharge. These change scores were compared between the two groups using a 2-sample t test. Potential confounders included the hospital length of stay, average number of discharge diagnoses, number of admission medications, and the presence of a pharmacist on rounds. To determine the effect on the relationship between group status and medication change, potential confounders were added one at a time to regression models containing medication change score as the dependent variable and group as the independent variable. The above analysis was repeated for the number of doses.
For descriptive purposes, we also compared changes in specific medications between the intervention and control groups. For each team, we found the proportion of patients on each medication at admission and at discharge, and the difference between these proportions was calculated. Since the data were skewed, we used the Wilcoxon rank sum test to compare these differences between the intervention and control groups. We were also interested in comparing the change in medication classes between the intervention and control groups. Medication classes were defined by the Veterans Affairs classification codes. 12 Medication classes were examined in a slightly different manner than individual medications. The total number of medications taken in each medication class was determined for each patient at both admission and discharge. Team averages were then calculated for each medication class. The difference between the admission and discharge team averages was compared between the intervention and control groups using the Wilcoxon rank sum test. In addition, descriptive statistics for patient level data and physician characteristics were reported. Continuous variables were summarized in terms of medians and interquartile ranges. Numbers and percents were reported for categorical variables.
RESULTS
During the period of data collection, 1,806 patients were admitted to the Durham VAMC General Medical Service. Figure 2 outlines the trial profile. Table 1 summarizes the baseline characteristics of the patients. The patients were almost entirely men with a mean age of 65 years, a typical veteran population. Only 6% of the patients in each group were admitted from a long-term care facility. The intervention was principally directed at the residents. The intervention group residents had a median age of 28 years, and 59% were men. The control group residents had a median age of 28 years, and 67% were men. Although the ages were similar, the control group residents were less experienced; while 15 (62%) of the residents in the control group were in their second year of residency, only 11 (46%) of the intervention group were in their second year. Pharmacists rounded with 12 (50%) of the intervention teams and 10 (42%) of the control teams. Table 2 shows the mean changes in medications and in doses from admission to discharge for the two groups. Both of these differences were statistically significant. These differences remained significant after controlling for the number of discharge diagnoses, number of admission medications, length of stay, and the presence of a clinical pharmacist.
The analysis of the medications are shown by class and by individual medication. Table 3 shows the change in medications using the VA formulary classification. In almost all of the classes, the number of medications in the control group increased, while the number of medications in the intervention group decreased. In all but three classes (blood products, ophthalmic agents, antimicrobials), these differences were statistically significant. Table 4 lists the 20 most common medications for which there was a significant difference in the change score between the intervention and control groups. The values reported are the proportion of patients in each group taking each medication at admission and discharge. The P values represent the results of the Wilcoxon rank sum tests of the change scores between the two groups. With most of the medicines, the change score was positive in the control group (reflecting an increase in the proportion of patients prescribed a medication) and negative in the intervention group. Even when the change score for a medication was positive in both groups, the increase was greater in the control group. The 20 medications not impacted by the intervention were also examined. These medications included lisinopril, atenolol, metoprolol, amlodipine, ipratropium inhaler, warfarin, digoxin, and insulin.
DISCUSSION
Our study found that the intervention of the simple medication grid led to a statistically and clinically significant decrease in the number of medications and doses. We excluded antibiotics and other short-term medications and examined only those medications prescribed indefinitely. In fact, the number of medications and doses in the intervention group decreased, while the number of medications and doses in the control group increased. These differences persisted after controlling for factors such as the presence of a clinical pharmacist, length of stay, and the number of discharge diagnoses. The median number of medications in several therapeutic classes, including central nervous system, gastrointestinal, and respiratory drugs, hormones/synthetics, vitamins, antihistamines, and antimicrobials, decreased in the intervention group and increased in the control group. Several individual medications significantly changed between the intervention and control groups. The list included medications found in an earlier study to be prescribed inappropriately due to duplication (bronchodilators, antidepressants), indication (multivitamins), and duration of treatment (laxatives, multivitamins). 13 Cimetidine, which has previously been associated with overuse, 14, 15 was reduced only in the intervention group. In addition, this list also included amitriptyline, a drug that should generally be avoided in elderly individuals. 16 At the same time, we were encouraged by the list of medications that did not change with our intervention. For safety reasons, we would have been concerned if medications such as b-blockers, angiotensin converting enzyme inhibitors, digoxin, or warfarin were withdrawn in significant numbers.
Previous interventions aimed at impacting polypharmacy have had variable results. Several studies suggested, however, that an intervention aimed at physicians could be successful. Kroenke and Pinholt made recommendations to physicians caring for patients on 5 or more medications, and they decreased the number of medications per patient from 5.9 to 5.4. 6 Meyer et al. compared a simple intervention with a more intensive intervention in patients taking 10 or more medications. In addition to a control group, one group's providers received a letter asking them to address polypharmacy, and the third group received chart review and detailed recommendations. The intensive and simple notifications both led to significant reductions at 4 months, but there was no difference between the intensive and simple notification groups. Of note, these differences with the control group no longer existed at 12 months. 7 Hamdy et al. addressed the issue of polypharmacy in the extended care setting with a straightforward intervention. If a patient was taking more than 10 medications, the physician for that patient was notified and asked to review the medications. During the 5-year study period, the number of patients taking 10 or more medications decreased from 67 to 9, and the mean number of medications per patient decreased from 5.5 to 4.6. 17 Hanlon et al. evaluated the effect of a 12-month clinical pharmacist intervention involving elderly VA outpatients and their primary physicians in a randomized, controlled trial. The number of medications per patient in the intervention group decreased from 7.6 to 6.9, although this result was not statistically different from the control group. 9 Drawing from these previous studies, we theorized that our simple yet visually compelling intervention would encourage the physicians to address polypharmacy. The medication grid was meant to call the issue to their attention. We wanted to impress upon the physicians what the patients were trying to accomplish in taking their medications each day. Intentionally, this was the extent of our intervention. We felt that recommendations from chart review would be time consuming and thus impractical. At the same time, we wanted to allow the physicians the autonomy to make only those changes with which they were comfortable. To aid practical implementation of the medication grid, we also wanted to limit the expense of the intervention. Therefore, the residents in the study did not receive additional education. With rather basic software, even generation of the grid could be automated.
A particularly encouraging aspect of this study was the response of the physicians to the intervention. The physicians were generally receptive to the notion of targeting polypharmacy, and they seemed impressed by the difficulty of some patient regimens. One persistent concern is that time would decrease the novelty of the grid and minimize the impact. As our intervention lasted only 5 to 7 weeks, we were unlikely to see this problem. For this reason, we did not provide the grid for all patients. With the inclusion criteria of at least 5 medications, we highlighted these patients. The choice of at least 5 medications is rather arbitrary, and perhaps focusing on patients with more medications or doses would increase the staying power of the intervention.
To sustain the impact of the intervention following discharge would require efforts other than the medication grid. Major changes in the medication regimen during an admission may not be communicated well to the primary care provider. In our hospital, patients receive a typed summary of the discharge medications and are instructed to take this summary to their next appointment with their primary care provider. In addition, patient education at the time of discharge is essential if significant medication changes occur. Otherwise, patients may take previously prescribed medications along with or instead of the discharge medications. Omori et al. found that these errors were more likely with a greater number of changes in the regimen during the admission. 18 The greatest concern from these errors is the risk of adverse drug reactions. These outcomes were beyond the scope of this study, although they would be an important aspect of further work in this area. With appropriate patient education and outpatient contact, the simplified regimen has the potential to decrease these errors. Several previous studies have found that multiple medication use is strongly associated with the development of adverse drug reactions, and the risk increases with increasing drug use.
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In addition to those mentioned above, there are several potential limitations to this study. Due to logistical reasons associated with resident scheduling, we did not randomize the residents. With limited resources, the data collection could not be performed in a blinded manner. In addition, given that our study involved male veterans and house staff, the generalizability of our results may be limited.
Physicians, patients, and the pharmaceutical industry have all contributed to the development of polypharmacy. With advances in the pharmaceutical industry and changes in health insurance benefits, drug consumption is increasing. As the population ages and lives with more chronic illnesses, patients may require and demand multiple medications. In addition, physician groups have developed clinical practice guidelines that often involve multiple medications. Combating polypharmacy will clearly require interventions aimed at all parties involved, including physicians, pharmacists, and patients. Our study targeted physicians caring for inpatients, and our rather simple intervention reduced medication regimen complexity in this population. This result did not require an extensive educational intervention. When the problem was brought to their attention, physicians were effective in the reduction of medication regimen complexity.
